Relationship between P-box amino acid sequence and DNA binding specificity of the thyroid hormone receptor. The effects of half-site sequence in everted repeats.
The three P-box amino acids in the DNA recognition alpha-helix of steroid/thyroid hormone receptors participate in the discrimination of the central base pairs of the hexameric half-sites of receptor response elements in DNA. A series of 57 variants of the beta isoform of the human thyroid hormone receptor were constructed in which the 19 possible amino acid substitutions were incorporated at each of the three P-box positions. The effects of these substitutions on the sequence specificity of the DNA binding activity of the receptor were analyzed using 16 everted repeat elements which differed in sequence in the two central base pairs of the hexameric half-sites. Only receptors with glutamate or aspartate as the first P-box amino acid had detectable DNA binding affinity on everted repeats with AGGNCA half-sites. Only those receptors with alanine, glycine, serine, or proline in the second P-box position were able to bind to this same group of everted repeat elements. In contrast, many of the variant receptors with substitutions at the third P-box position were capable of binding to the AGGNCA group of repeat elements. The actual substitutions at the third P-box position that were compatible with binding depended upon the identity of the fourth base pair of the AGGNCA half-sites. Of the remaining 12 everted repeat sequences, only those with AGTTCA or AGTCCA half-sites were able to bind any of the receptors. In addition to wild type receptor, several variant receptors with amino acid substitutions in either the first or third P-box position were able to bind to the everted repeat with AGTTCA half-sites. The everted repeat with AGTCCA half-sites was bound by receptors with a DGG, NGG, or EGQ P-box sequence, but not the wild type receptor which has an EGG P-box sequence. These data demonstrate that all three P-box positions of the thyroid hormone receptor function to discriminate between half-sites that differ in sequence at the third and fourth base pairs.